In this paper, a method with which to identify a national cohort of elderly twins is proposed. Record linkage algorithms were developed and applied to the >30 million records contained in the Medicare beneficiary file. The matching algorithm for male/male pairs used race (black or white), last name, date of birth, and state of issuance of the Social Security number. Female/female and male/female pairs were selected with matching on race, date of birth, and the first seven digits of the Social Security number to compensate for the absence of maiden names. A stratified random sample of same-sex and opposite-sex white and black pairs (six groups) were selected and surveyed for determination of the actual prevalence of twins. On the basis of these results, the authors conclude that this method could identify an estimated 18,308 male/male, 7,544 female/female, and 204 male/female pairs of twins aged 65 years or more. This would be the largest sample of older twins ever assembled in the United States and represents a significant new resource for epidemiologic studies of the aging population. Am J Epidemiol 1997; 145:175-83. 
Studies of twins provide a method for examining the relative contributions of genetic and nongenetic influences on health and disease in human populations. The difficulty of selecting large population-based samples of older twins has been a major impediment to the utility of twin studies in epidemiology. Twin samples have typically been assembled from hospital and clinical encounters and by advertising for volunteer pairs (1) (2) (3) (4) . Such ascertainment procedures may assemble pairs of twins who are systematically different from the true twin population. Advertising for twins, with the resultant volunteer sample, tends to identify a disproportionately large number of monozygotic pairs (5) .
Population-based registries of twins have existed for some time in Nordic countries (6) (7) (8) (9) . These registries usually identify twins from birth records; more recently, several Nordic countries have used computer record linkage techniques with population registers to establish twin registries (10) (11) (12) . In the United States, several states maintain registries of twin births but have no systematic method of following twins after birth to adulthood (13, 14) . On a national basis, the only population-based samples of adult twins are the 16,000 twins contained in the National Academy of Sciences-National Research Council (NAS-NRC) twin sample (15, 16) and the 7,500 twins listed in the Vietnam Era Twin Registry (17) . The NAS-NRC registry contains white male twins born between 1915 and 1927, and the Vietnam Era Twin registry contains male twins (93 percent white and 7 percent black) bom between 1939 and 1957. The NAS-NRC twin cohort has become a significant resource for studies of gerontologic health, since all of the surviving twins are now past the age of 65. While of great value, these registries are severely restricted by the select groups they represent: predominantly white male/male pairs of veterans.
The purpose of this paper is to describe a new method for the identification of a national sample of older twins. The method uses a computerized record linkage approach to identifying black and white male/male, female/female, and male/female twins using data available from the Health Care Financing Administration.
MATERIALS AND METHODS

The Health Care Financing Administration data system
The Medicare program, established in 1965, was originally administered by the Social Security Administration, but in 1977 the Health Care Financing Administration (HCFA) assumed responsibility for the program. The HCFA maintains statistical files that contain three types of data: information on beneficiaries, providers, and utilization. Demographic information on beneficiaries is supplied and updated by either the beneficiaries themselves, the Social Security Administration, or the Railroad Retirement Board. Information on health care providers is prepared to establish their credentials for participation in the program. Utilization records are presented by providers as notices of hospital admissions and charges. The Enrollment Database is the primary enrollee file. It is estimated that the Enrollment Database contains information on 96 percent of the US population aged 65 years or more (18) . The 1990 publication Medicare Statistical Files Manual (19) describes in detail the structure and contents of the HCFA files.
Variables used in the record linkage protocol
The Enrollment Database contains a limited set of personal identifiers for each record that can be used to identify potential twin pairs. Information on twin status, place of birth, and parents' surnames (or maiden names, for females) is not available in the file.
A unique health insurance claim number is assigned to every beneficiary in the file. This number is composed of either the Social Security number of the entitled enrollee or a Railroad Retirement Board number, coupled with an alphanumeric code, the beneficiary identification code. The beneficiary identification code indicates the relationship of the claimant to die entitled beneficiary; the most common relationships are primary wage earner ("A"), wife aged 65 years or older ("B"), and widow aged 65 years or older ("D"). Each enrollee has a unique health insurance claim number. In 1989, 76 percent of the active healtn insurance claim numbers began with the claimant's own Social Security number (20) . There is a crossreference file of the enrollee's own Social Security number for persons receiving benefits under a healdi insurance claim number which includes another person's Social Security number (21) .
Basic demographic data are limited to date of birth, date of death, sex, race, and residential address. As of 1992, race consists of only four categories: white, black, other, and unknown. The first three categories are the choices that were available on Social Security applications before 1980. As of 1980, 2.7 percent of Medicare enrollees had a racial designation of "unknown." The majority of these were Railroad Retirement Board beneficiaries, since the original data exchange from the Railroad Retirement Board did not include race (22) . The recorded place of residence is actually the beneficiary's mailing address; it might, for example, be the address of a relative and not the actual place of residence as defined by the Bureau of the Census. Records are updated daily with data from the Social Security Administration and the Railroad Retirement Board, such as changes of address and notices of death.
Identifying male/male pairs
First-stage record linkage. From the records for living male Medicare beneficiaries contained in the HCFA system, we assembled a set of more than five million records that matched at least one other record with the same last name, exact date of birth, and race (black or white). These selection criteria were expected to identify most of the living male/male twin pairs aged 65 years or more in the United States as of 1992. This method of selection created sets of matched records. The prevalence of matched sets containing more than two persons is a function of the frequency of individuals with common surnames such as Smith, Jones, and Williams and the volume of births on a particular date (e.g., there are many more living individuals in later birth cohorts).
Second-stage record linkage. The information contained in the Social Security number was used to narrow the pool of linked records and improve the probability that a pair of linked records represented twins. The location where the Social Security number was obtained can be determined from the first three digits of the Social Security number (23) . Records issued in locations outside of the 50 states and the District of Columbia were excluded. An additional matching criterion was then imposed on the linked records by requiring that pairs of records be matched according to the state of issuance of the Social Security number. The rationale behind this approach is that since most twins live together during their childhood and teenage years, they are Likely to obtain their Social Security numbers in the same state. An individual from an m-tuple greater than two could appear in more than one matched pair as long as more than one other member of the m-tuple had a Social Security number that had been issued in the same state. Further restrictions in the matching algorithm involved deleting pairs of duplicate records (identical Social Security numbers) and pairs in which both members had the same first name or in which one of the last names included the designation "Jr.".
As a separate group, a selected set of paired records with Social Security numbers issued in different states were incorporated as potential twins. Only those crossstate pairs with unique surnames (i.e., a pairwise surname frequency equal to 1) were included in this group. The criterion of using infrequent surnames was meant to reduce the likelihood of random matches being produced by common surnames.
Identifying female/female pairs and male/female pairs. From the female Medicare beneficiaries enrolled in Medicare, female/female records with the same date of birth and the same first seven digits of the Social Security number were linked. As with the male/ male algorithm, all records issued in locations outside of the United States were excluded. Surnames could not be used in this matching routine, because so many females change their last name when they marry. The restriction to a seven-digit Social Security number match meant that the vast majority of pairs would have Social Security numbers that were issued in the same state and the same year (24) . It was hoped that this would offset our inability to use the surname as part of the matching process. An identical record linkage algorithm (i.e., same date of birth and same first seven digits of the Social Security number) was performed for male/female records.
Determination of twin prevalence
To estimate the number of twins contained in the various sets of HCFA records, we conducted a brief mail and telephone survey of a sample of paired records. Six groups of paired records were identified for inclusion in the survey: white and black male/male, female/female, and male/female pairs. Paired records within the six groups were ordered according to the size of the absolute difference in Social Security numbers.
Sequencing the Social Security number. Social Security numbers are assigned in a peculiar order, and raw differences between pairs of Social Security numbers can misrepresent the propinquity of two records. Prior to computing the absolute differences between Social Security numbers, each raw nine-digit number had to be translated to reflect its approximate sequence of issuance within a state.
The Social Security number consists of three separate data fields (23) . The first three-digit field refers to the state or area where the record is issued. A unique band of codes is assigned to every state; for example, codes for Illinois range from 318 to 361. The numbers of codes assigned to different states roughly correspond to the volume of Social Security numbers required in each area. The second field contains twodigit group numbers that are issued within each firstfield number. These group numbers are issued in an unusual sequence: odd numbers from 01 to 09, then even numbers from 10 to 98, then even numbers from 02 to 08, and finally odd numbers from 11 to 99. Within each group number, the four digits of the third field are issued in simple numeric order, from 0001 to 9999. Using the information from the three separate Social Security number data fields, it is possible to sequence Social Security numbers within a state. Software originally developed by Block et al. (24) to estimate a person's age from his or her Social Security number was modified to derive the sequence number.
As an illustration of the importance of the Social Security number (SSN) translation process, consider the two sets of paired records displayed in table 1. For paired set la-lb, the raw difference suggests that the two SSNs were issued far apart, but the translated difference indicates just the opposite. Conversely, the raw difference for paired set la-lb is small, but the translated difference shows that the records were issued far apart. For male/male pairs with numbers issued in the same state, the potential range of translated SSN differences was 1 (representing consecutively issued numbers) to millions. For female/female and male/female pairs, differences were constrained by the record linkage process so that they would be limited to those between 1 and 99.
The absolute difference in the SSN could not be derived for the subset of the male/male matched records with unique surnames and discordant states of issue. For this subset of cross-state pairs, we used the SSN to estimate the year of issuance of the SSN and then used the absolute difference in year of issuance.
Sample selection. For each of the six groups, the records were sorted by the sequenced SSN difference, within each state of issuance (or difference in year of issue for cross-state pairs), from small to large. Sequence differences were maintained within states rather than pooled across states, since the interpretation of the difference is dependent on the volume of SSNs issued within a state (e.g., differences of 10,000 in Montana and New York are not equivalent). For sampling purposes, three strata were identified for each of the six groups, based on the expectation that paired records with smaller differences in SSNs were more likely to be twins than pairs with larger differences. The strata were defined as follows. The high stratum was the one with the smallest differences in SSNs, representing the first quartile of SSN differences; the medium stratum was the one representing the interquartile range of the SSN differences; and the low stratum was that with the biggest differences in SSNs, representing the last quartile.
Pairs were sampled with approximately equal numbers taken in each of the six race/sex subgroups; in total, 831 matched records were selected. (As part of a companion study not reported here, an attempt was made to identify living versus deceased twins from archived HCFA records, and a separate sample of 160 matched records selected across the six race/sex subgroups was also selected for the survey. Thus, the total sample for the alive/alive and alive/dead groups included approximately 1,000 matched records.) Within each race/sex subgroup, appointment of pairs to each of the three SSN difference strata was carried out by optimal allocation (25) . The particular allocation algorithm used is appropriate for estimating the prevalence of twins in each race/sex subgroup of pairs with the highest precision. In order to perform this allocation, we assembled the following data for each of the three SSN difference strata: 1) the total number of pairs in each SSN difference stratum; 2) the overall anticipated prevalence of twins among the pairs in each of the six race/sex groups based on experience with the Vietnam Era Twin Registry (26); and 3) the anticipated prevalence ratios of twins in the medium and low SSN difference strata relative to that in the high stratum.
For example, among black male/male paired records, it was guessed that the total prevalence of twins would be 10 percent, and that relative to the prevalence of twins in the high stratum, the prevalence ratio would be 0.25 in the medium stratum and 0.125 in the low stratum. From these "guesstimates" and from the known number of pairs in each stratum, we calculated the anticipated prevalence of twins in each of the three strata, and from that information we were able to apply the optimal allocation formula shown below (25) :
where n = the total number of pairs to be sampled, n h = the number of pairs allocated in stratum h, p h = the anticipated proportion of twins in stratum h, and N h = the total numbers of pairs in stratum h.
Survey content and field methods
A brief four-page survey questionnaire was developed for administration to all sampled pairs. The objective of the survey was to confirm twin status. The first question in the survey screened for twin status (i.e., "Are you a twin?"). Nontwins were asked to return the survey after the initial screening question. If an individual was a twin, he or she was then asked for the cotwin's name, address, and telephone number.
Using the current address information obtained from the HCFA beneficiary file, surveys were mailed to both members of all sampled pairs. Three weeks after the initial mailing, a postcard reminder was sent to nonrespondents. Two weeks after the postcard reminder, a second survey was sent to nonrespondents. Two weeks after the second survey was mailed, telephone follow-up of nonresponders was initiated. The HCFA beneficiary file does not contain telephone numbers; thus, telephone numbers were obtained from credit bureaus and directory assistance. Telephone follow-up was only undertaken for those pairs in which neither member of die pair had responded. For nonresponding pairs, telephone contact was attempted with one member from each pair. If that member was determined not to be a twin, the remaining member of the pair was not contacted. Response rates for determining twinship were greater than 95 percent for all types of white pairs and 89 percent for all black pairs; these high rates resulted from the need to contact only one member of a pair to confirm twinship.
Statistical methods
The prevalence of twins in each of the six race/sex subgroups and the associated standard errors were estimated using procedures appropriate for stratified random sampling. The process involves using the inverse of the sampling fractions in each stratum as sampling weights. A logistic regression analysis (which incorporated the sample weights) was used to obtain adjusted estimates of odds ratios and 95 percent confidence intervals for the independent effects of sex, race, and SSN difference group on the prevalence of twins. The weighted prevalence estimates and the logistic regression analysis incorporating the sampling weights were obtained using the SUDAAN statistical package, developed by Shah et al. (27) .
RESULTS
The numbers of paired HCFA records and their distribution by year of birth, state of SSN issuance, median year of issuance, and median age at issuance are presented in table 2 for each of the six race/sex groups. In total, 255,748 pairs of records were identified through the matching algorithms used. The male/ male matching algorithm (using the same last name, a different first name, the same date of birth, and the same state of SSN issuance) yielded the majority of the matched records in both whites (n = 159,471) and blacks (n = 10,168). Using the record linkage procedure that matched people according to the same date of birth and the first seven digits of the SSN, a relatively small number of black male/female (n = 397) and female/female (n = 606) pairs were found; this is in contrast to the large number of white male/female pairs (n = 45,027) and white female/female pairs (n = 40,079) identified.
The distribution of years of birth for matched records reveals differences according to sex and race. Slightly more than 50 percent of the white and black male/male pairs were born in the period 1921-1926. A greater percentage of male/female and female/female pairs compared with male/male pairs were identified in the 1921-1926 cohort (more than 60 percent in blacks and 70 percent in whites). For all race/sex groups, more than 90 percent of those selected were born after 1901.
Based on the state of SSN issuance, the regional distribution of selected pairs displayed a striking difference between blacks and whites. The vast majority of black pairs had SSNs issued in southern states (80.1 percent of the male/males, 77.6 percent of the male/ females, and 68.7 percent of the female/females), and virtually no black pairs were derived from the western states. The regional pattern of white pairs varied by sex. An equal number of male/male pairs were derived from northern, southern, and eastern states, while a smaller number were obtained from the West. Less than 20 percent of male/female and female/female pairs were identified from southern states, while more than one third of the pairs came from northern and eastern states. Table 3 presents the total number of paired records in each of the six race/sex groups, stratified according to SSN difference, stratum-specific sampling fraction, and the number sampled in each stratum. These were obtained using the optimal allocation algorithms described above.
The estimated number and prevalence of twin pairs obtained from the screening survey in each of the race/sex groups are presented in table 4 according to the difference in the sequenced SSN. For whites, 11.1 percent of male/male matched pairs were twins and 17.9 percent of female/female pairs were twins. We estimate that a total of 17,673 white male/male pairs and 7,375 white female/female pairs could be identified from the HCFA beneficiary files using computer matching techniques. The matching algorithm worked much less effectively for male/female matched records, with a twin prevalence among whites of only 0.4 percent. For blacks, the twin prevalence was 6.2 percent for male/male pairs, 3.3 percent for male/ female pairs, and 27.9 percent for female/female pairs. As expected, the difference in the SSN had a dramatic effect on twin prevalence. Paired records with the smallest difference in the sequenced SSN had the highest prevalence of twins, while pairs with large differences in the SSN contained virtually no twins. This pattern held across all race/sex groups. The first quartile of the female/female pairs was the highestyielding group, with a twin prevalence of 61.7 percent in whites and 78.6 percent in blacks. Regardless of the SSN difference quartile, the male/female twin prevalence was less than 15 percent. Table 5 displays the results of a logistic regression analysis that examined the associations of sex, race, and SSN difference with twin prevalence. Sex group had a strong and significant effect on the prevalence of twinship. Using male/male pairs as a reference group, female/female pairs were more than twice as Likely to be twins, while male/female pairs were 0.03 times as likely to be twins. White paired records were more likely to contain twins (odds ratio = 1.72) than were black pairs, but this difference was not statistically different (95 percent confidence interval 0.78-3.80) after adjustment for sex and SSN difference group. The difference in SSN for a pair, entered as a threelevel ordinal variable, was a powerful and significant predictor of twin prevalence; a one-unit change in the grouped SSN (i.e., going from the low group with the largest SSN difference to the medium group of SSN differences) resulted in a nearly 10-fold increase in the prevalence of twins.
DISCUSSION
A large national cohort of elderly male and female twin pairs can be identified using a combination of record linkage algorithms and mail and telephone surveys. The cohort delineated here was derived from the 1992 Medicare Enrollment Database using a computerized record linkage algorithm that involves date of birth, race, Social Security number, and surname (for males). The estimated 18,308 male/male and 7,544 female/female twin pairs aged 65 years or more derived in this manner would represent the largest collection of older twins ever assembled in the United States. Of particular interest are the estimated 635 male/male and 169 female/female black twin pairs contained in this cohort. This cohort presents a unique resource for studies in the emerging field of gerontologic genetics (28) .
Conceptually, the approach to identifying older twins can be decomposed into two interdependent and staged components: the record linkage and the survey. The algorithms are designed to sort through an enormous pool of records and select pairs that have a high probability of being twins. The mail and telephone survey then screens the selected pairs to identify twins. Each of these components is equally important to finding twins. For example, an algorithm that produces few twins cannot be improved by a high survey response rate; alternatively, a good algorithm can be compromised by a low survey response rate.
The algorithm that was used here to pair records builds on work previously performed in the establishment of a Vietnam-era veteran twin registry (17, 29) . In the construction of the Vietnam Era Twin Registry, computerized military records were matched according to surname, date of birth, and the first five digits of the Social Security number. The male/male algorithm used in the present study does not narrow the match to the first five digits of the Social Security number; the more inclusive criterion of having the same state of SSN issuance was used. The algorithm for identifying female/female and male/female twins compensates for changing surnames by requiring an exact match on the first seven digits of the Social Security number as well as date of birth.
What are the limitations of this method for identifying older twins? The principal concerns pertain to 1) twins who are missed by the selection algorithms and 2) the selected pairs of twins who do not respond to the survey. Obviously, individuals missing from the HCFA beneficiary files are precluded from being found by the matching algorithms. This represents a small number of persons, estimated at less than 4 percent of the US population aged 65 years or older (30) . Records for twins who are contained within the HCFA files but have discordant information on exact date of birth, race, or last name (for males) are also missed.
For male/male pairs, the matching algorithm tolerates some types of digit transposition errors in the Social Security number as long as the error does not change the state of issuance (which is used as a surrogate for birth state). Pairs with a different state of SSN issue would be missed, except for cross-state pairs with rare surnames. Using data from the NAS-NRC twin registry (which was built from birth records), it is estimated that only 10 percent of all elderly twins have state-discordant Social Security numbers (William Page, NAS-NRC Twin Registry, personal communication, 1995). For female/female and male/female pairs, matching on the first seven digits of the Social Security number makes this method highly sensitive to errors in the Social Security number. Furthermore, some females will be missed because of errors in the cross-reference file linking the health insurance claim number with their own Social Security number.
Another limitation is the relatively low rates of twin identification in the various SSN difference strata. Even in the smallest SSN difference quartile, the twin prevalence is below 50 percent for males. For all but the lowest quartile of the SSN difference, increasing the twin prevalence rate is likely to be too costly a goal to pursue on a large scale.
The female/female and male/female matching algorithm misses a large number of living older twins. Using a seven-digit Social Security number match to select pairs implies something about twin behavior during childhood or early adulthood-namely, that most pairs of twins are issued Social Security numbers in the same location and at the same time. Twins who do not obtain their Social Security numbers in the same place at approximately the same time are thus missed by the algorithm. (While current address information can be incorporated into the matching algorithm, this was not done, because it would preferentially select those older twins who currently live close together.) The algorithm might only ascertain the most similar dizygotic pairs, and when these pairs are used in a classical twin study, it could produce biased estimates of heritability (26) . Since Social Security numbers were not instituted until 1936, older twins who had already reached adulthood by that year are much less likely to have obtained proximate numbers. Development of alternative matching criteria that might identify a larger proportion of elderly female/ female and male/female twins from the HCFA files does not appear promising.
Another possible approach to finding female/female and male/female twins would be to obtain data from the Social Security Administration. This agency maintains computer files on virtually all living older adults that include full name, date of birth, place of birth, parents' names, and current address. With these data, a computer record linkage approach could select twin pairs in all race/sex groups. However, these data are considered confidential and are deemed nonreleasable by the Social Security Administration under current law.
A major benefit of the screening survey method is the relatively low cost of identifying twins. Twinship can be determined by the response from a single member of a matched pair. This results in high response rates, since every matched pair provides two independent chances for obtaining a response. To make the method even more cost-effective, the twin yield could be enriched by requiring a tighter matching algorithm. For example, our yield in the group with the smallest difference in Social Security number was excellent, reaching a twin identification rate of more than 60 percent in female/female pairs. The yield in the stratum with large SSN differences was virtually nil in all race/sex groups. Deleting the large-difference stratum would reduce the cost per twin identified. However, caution should be exercised, since tightening the matching criteria might produce a biased sample of twins.
The proposed record linkage method for identifying older twins possesses several features that make it attractive. It assembles a national sample and can locate a large number of male/male and female/female pairs. The source data files are obtained from HCFA (31) at modest cost and include current names and addresses. The potential for linking confirmed twins to the health care utilization data contained in HCFA's files is also an attractive prospect. In the future, the yield of the algorithms should improve, since later birth cohorts obtained Social Security numbers at younger ages (24) , when they were more likely to live together. Additional twins can be added easily as successive birth cohorts enter the Medicare program.
